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(57) ABSTRACT

An optical receiver device including: a light-receiving ele-
ment having a first electrode acting as an outputting electrode
and a second electrode coupled to a potential that is different
from a ground potential; an amplifier device having an ampli-
fier element, a connection terminal including a signal elec-
trode and a ground electrode on an upper face thereof; a first
conductor coupling a potential of the first electrode of the
light-receiving element to the signal electrode, the first con-
ductor being introduced from the upper face side of the ampli-
fier device; and a second conductor coupling a potential of the
second electrode of the light-receiving element to the ground
electrode, the second conductor introduced from the upper
face side of the amplifier device.
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FIG. 5
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1
OPTICAL RECEIVER DEVICE

BACKGROUND

(1) Technical Field

The present invention relates to an optical receiver device.

(ii) Related Art

There is a demand for improvement of high frequency
characteristics of an optical receiver device. Japanese Patent
Application Publication No. 2007-274032 discloses an
example of an optical receiver device. FIG. 1 illustrates an
example of'a circuit structure of an optical receiver device. As
illustrated in FIG. 1, the optical receiver device has a light-
receiving element 10, a TIA (Trans Impedance Amplifier) 20
and so on. A signal light 1 is optically coupled to the light-
receiving element 10. An anode of the light-receiving element
10 is coupled to an input terminal of the TIA 20. A cathode of
the light-receiving element 10 is coupled to a positive power
supply (for example, 5V). The TIA 20 has an amplifier ele-
ment 21 and a feedback resister R1. The light-receiving ele-
ment 10 converts a light signal into an electrical signal. The
TIA 20 converts the electrical signal current into voltage and
outputs the signal voltage.

There is an increasing need of high frequency characteris-
tics for an optical receiver device year by year.

SUMMARY

It is an object of the present invention to provide an optical
receiver device of which high frequency characteristics are
improved.

According to an aspect of the present invention, there is
provided an optical receiver device comprising: a light-re-
ceiving element having a first electrode acting as an output-
ting electrode and a second electrode coupled to a potential
that is different from a ground potential; an amplifier device
having an amplifier element, a connection terminal including
a signal electrode and a ground electrode on an upper face
thereof; a first conductor coupling a potential of the first
electrode of the light-receiving element to the signal elec-
trode, the first conductor being introduced from the upper
face side of the amplifier device; and a second conductor
coupling a potential of the second electrode of the light-
receiving element to the ground electrode, the second con-
ductor introduced from the upper face side of the amplifier
device.

In the optical receiver device, the potential different from
the ground potential is coupled to the light-receiving element,
and the light-receiving element is subjected to a reverse bias.
However, the power supply potential acts as a reference
potential in view of high frequency wave with respect to the
outputting terminal (the first electrode) of the light-receiving
element. The present inventors have researched the point. In
the present invention, the electrode (the second electrode)
coupled to the power supply applying the reverse bias is
coupled to the ground electrode structuring a connection ter-
minal of the amplifier device via a capacitor from the upper
face of the amplifier device. With the structure, the transmis-
sion characteristics between the light-receiving element and
the amplifier device may be improved. Therefore, the high
frequency characteristics of the optical receiver device may
be improved.

The ground electrode may be provided on both sides of the
signal electrode.

The light-receiving element may have a structure in which
two light-receiving portions are coupled in a cascade cou-
pling configuration; the first electrode may be a common
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coupled point of the two light-receiving portions; and the
second electrode may be at least one of electrodes of the two
light-receiving portions in an opposite side of the common
coupled point.

The light-receiving element may be mounted on a light-
receiving element carrier having a first pattern extracting a
potential of the first electrode and a second pattern extracting
a potential of the second electrode.

The second pattern may be provided on both sides of the
first pattern; and the first capacitor may be provided on both
sides of the second pattern.

The first conductor may be a bonding wire coupling the
first pattern and the signal electrode; and the second conduc-
tor may be a bonding wire coupling the first capacitor on the
second pattern and the ground electrode.

The electrodes in the opposite side of the common coupled
point may be coupled to a potential that is different from the
ground potential.

The electrodes in the opposite side of the common coupled
point may be coupled in common via a direct-current-block-
ing portion.

The direct-current-blocking portion may be the first
capacitor.

A second capacitor having a capacity larger than that of the
first capacitor may be coupled to a potential of the second
electrode in parallel with the first capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a circuit diagram of an
optical receiver device;

FIG. 2A illustrates a top view of an optical receiver device;

FIG. 2B illustrates a partial cross sectional view taken
along a line A-A' of FIG. 2A;

FIG. 3A illustrates a top view of an optical receiver device
in accordance with a first embodiment;

FIG. 3B illustrates a partial cross sectional view taken
along a line B-B' of FIG. 3A;

FIG. 4 illustrates a circuit diagram of an optical receiver
device in accordance with a second embodiment;

FIG. 5 illustrates a top view of the optical receiver device in
accordance with the second embodiment;

FIG. 6 illustrates a top view of an optical receiver device in
accordance with a third embodiment;

FIG. 7 illustrates frequency characteristics of photoelectric
conversion gain of the optical receiver device in accordance
with the third embodiment;

FIG. 8 illustrates a top view of an optical receiver device in
accordance with a fourth embodiment; and

FIG. 9 illustrates a top view of an optical receiver device in
accordance with a fifth embodiment.

DETAILED DESCRIPTION

A description will be given of an optical receiver device in
accordance with a first comparative embodiment.
[First Comparative Embodiment]

FIG. 2A and FIG. 2B illustrate a schematic view of an
optical receiver device in accordance with the first compara-
tive embodiment. FIG. 2A illustrates a top view of the optical
receiver device. FIG. 2B illustrates a partial cross sectional
view taken along a line A-A' of FIG. 2A.

A light-receiving element 10 has a light-receiving element
mesa 10-2 (a light receiving portion) provided on a main face
of a semiconductor substrate 10-1, a dummy mesas 10-3
provided on both sides of the light-receiving mesa 10-2, and
a lens 10-4 provided on a reverse face of the semiconductor
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substrate 10-1. FIG. 2A illustrates a circuit diagram of the
light-receiving mesa 10-2 and the dummy mesas 10-3.

An upper face of the light-receiving element mesa 10-2 is
made of p-type semiconductor. An outputting electrode 10-21
acting as an anode electrode is provided on the upper face of
the light-receiving element mesa 10-2. A power supply elec-
trode 10-31 acting as a cathode electrode is provided on an
upper face of each dummy mesa 10-3. The power supply
electrode 10-31 is introduced from an area of an n-type semi-
conductor that is a lower part of the light-receiving element
mesa 10-2. The lens 10-4 collects an incoming signal light
and provides the collected signal light into the light-receiving
element mesa 10-2.

The light-receiving element 10 is mounted on the light-
receiving element carrier 30. The light-receiving element car-
rier 30 is made of a dielectric body such as ceramics. A signal
pattern 30-1 and a power supply pattern 30-2 are provided on
a surface of the light-receiving element carrier 30. The signal
pattern 30-1 is coupled to the outputting electrode 10-21 of
the light-receiving element mesa 10-2. The power supply
pattern 30-2 is coupled to the power supply electrode 10-31 of
each dummy mesa 10-3. The power supply pattern 30-2 is
coupled to a positive power supply. Thus, the light-receiving
element 10 is subjected to a reverse bias through the power
supply pattern 30-2.

On the other hand, the TTA 20 of FIG. 1 includes a TIA chip
20-1 made of semiconductor. The TIA chip 20-1 has an
amplifier element 21 illustrated schematically. The TIA chip
20-1 has a feedback resister, a power supply circuit and so on.
A signal conductor 20-11 is coupled to an input terminal of
the amplifier element 21. The signal conductor 20-11 has a
signal electrode 20-111. A ground electrode 20-12 is pro-
vided on both sides of the signal conductor 20-11 and the
signal electrode 20-111. The ground electrode 20-12 is
coupled to a ground potential of the reverse face viaa via hole
electrode 20-13. The signal electrode 20-111 and the ground
electrode 20-12 act as an input terminal having given charac-
teristics impedance.

The light-receiving element carrier 30 and the TIA chip
20-1 are mounted on a base carrier 50. The base carrier 50 is
made of a conductor and is coupled to a ground potential. The
ground potential is coupled to the ground electrode 20-12 via
a via hole electrode 20-13 of the TIA chip 20-1. A bonding
wire 40 couples the signal pattern 30-1 provided on the light-
receiving element carrier 30 and the signal electrode 20-111
provided on the TIA chip 20-1.

There is an increasing need of high frequency characteris-
tics for an optical receiver device year by year. For example,
downsizing the light-receiving element mesa 10-2 and reduc-
ing a parasitic capacity may improve the high frequency
characteristics of the light-receiving element 10. However,
when the light-receiving element mesa 10-2 is further down-
sized, an optical coupling may not be obtained in a light-
receiving area of the light-receiving element mesa 10-2. An
optical receiver device in accordance with the following
embodiments improves the high frequency characteristics.
[First Embodiment]

FIG. 3A and FIG. 3B illustrate an optical receiver device
100 in accordance with a first embodiment. FIG. 3A illus-
trates a top view of the optical receiver device 100. FIG. 3B
illustrates a partial cross sectional view taken along a line
B-B' of FIG. 3A. In the first embodiment, the present inven-
tion is applied to an optical receiver device adopting the
light-receiving element 10 illustrated in FIG. 2.

InFIG. 3A and FIG. 3B, the light-receiving element 10 has
the same structure as that of FIG. 2A and FIG. 2B. The
light-receiving element 10 has the light-receiving element
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mesa 10-2 and the dummy mesas 10-3 provided on the main
face of the semiconductor substrate 10-1. In addition, FIG.
3 A illustrates a circuit diagram ofthe light-receiving element
mesa 10-2 and the dummy mesas 10-3.

The light-receiving element mesa 10-2 has a light-receiv-
ing element structure of p-i-n type. For example, the semi-
conductor substrate 10-1 is made of InP. And, the p-i-n struc-
ture of the light-receiving mesa 10-2 has a structure in which
n-type InP, i-type (or n-type) InGaAs, and p-type InGaAs are
laminated in order from the substrate side. In the embodi-
ment, an upper face of the light-receiving element mesa 10-2
acts as an anode terminal, and a lower face (the substrate side)
of the light-receiving element mesa 10-2 acts as a cathode
terminal. The outputting electrode 10-21 acting an outputting
terminal of the light-receiving element 10 (and acting as a first
electrode) is provided on the upper face of the light-receiving
element mesa 10-2.

The dummy mesa 10-3 is provided on both sides of the
light-receiving element mesa 10-2. The power supply elec-
trode 10-31 (acting as a second electrode) is provided on an
upper face of each dummy mesa 10-3. The dummy mesa 10-3
is not electrically used. The dummy mesa 10-3 extracts a
potential of the cathode terminal of the light-receiving ele-
ment mesa 10-2 to the same height as the light-receiving
element mesa 10-2. In the embodiment, a positive potential
(for example, 5V) is coupled to the power supply electrode
10-31. Thus, the light-receiving element 10 is subjected to a
reverse bias.

The lens 10-4 is provided on the reverse face of the semi-
conductor substrate 10-1. The lens 10-4 collects an incoming
light and provides the collected light into the light-receiving
element mesa 10-2. The light-receiving element carrier 30 is
made of a dielectric body such as ceramics. The signal pattern
30-1 is provided on the light-receiving element carrier 30
according to the outputting electrode 10-21 provided on the
light-receiving element mesa 10-2 of the light-receiving ele-
ment 10. The power supply pattern 30-2 is provided on both
sides of the signal pattern 30-1 according to the power supply
electrode 10-31 provided on each dummy mesa 10-3. The two
power supply patterns 30-2 are coupled to in common in an
area on the light-receiving element carrier 30, and are coupled
to a positive power supply. A distance between the signal
pattern 30-1 and the power supply pattern 30-2 is determined
s0 as to form a transmission line having given characteristics
impedance.

The signal pattern 30-1 and the power supply pattern 30-2
are provided on a face having a right angle with the face on
which the light-receiving element 10 of the light-receiving
element carrier 30 is mounted. The two power supply patterns
30-2 of the light-receiving element carrier 30 respectively
have a capacitor 31 acting as a first capacitor thereon. The
capacitor 31 has an upper face electrode 31-1 and a lower face
electrode 31-2. The lower face electrode 31-2 is coupled to
the power supply pattern 30-2 in common.

On the other hand, the TIA chip 20-1 acting as an amplifier
device is, for example, made of InP. The TIA chip 20-1 has the
amplifier element 21 including a HBT (Hetero Junction Bipo-
lar Transistor). The signal conductor 20-11 is coupled to an
input terminal of the amplifier element 21. The signal elec-
trode 20-111 is provided on an edge of the signal conductor
20-11. The ground electrode 20-12 is provided on both sides
of'the signal conductor 20-11 and the signal electrode 20-111.

The via hole electrode 20-13 is provided on the ground
electrode 20-12, and is coupled to a reverse face electrode
provided on a reverse face of the TIA chip 20-1. The signal
electrode 20-11 and the ground electrode 20-12 act as an input
terminal having given impedance. The signal conductor



US 9,163,982 B2

5

20-11 and the ground electrode 20-12 couple the input termi-
nal (the signal electrode 20-111 and the ground electrode
20-12) and the amplifier element 21, and form a transmission
line having given characteristics impedance.

The TIA chip 20-1 and the light-receiving element carrier
30 mounting the light-receiving element 10 are mounted on
the base carrier 50 made of a conductor such as copper tung-
sten (CuW) or iron-nickel-cobalt (FeNiCo). The base carrier
50 is coupled to a ground potential and gives the ground
potential to the reverse face electrode of the TIA chip 20-1.

A bonding wire 40 (acting as a first coupling conductor)
couples the signal pattern 30-1 provided on the light-receiv-
ing element carrier 30 and the signal electrode 20-111
coupled to the signal conductor 20-11 of the TIA chip 20-1. A
bonding wire 41 (acting as a second coupling conductor)
couples the upper face electrode 31-1 of the capacitor 31
mounted on each power supply pattern 30-2 and each ground
electrode 20-12 of the TIA chip 20-1.

With the structure, an electrode (in the embodiment, the
power supply electrode 10-31 of the light-receiving element
10) coupled to the power supply applying a reverse bias to the
light-receiving element 10 is coupled to the ground electrode
20-12 on the TIA chip 20-1 in common in view of high
frequency wave.

In accordance with the embodiment, a commonality
between a reference potential of the light-receiving element
10 (the power supply electrode 10-31 of the light-receiving
element 10) and the ground electrode 20-12 on the TTA chip
20-1 is improved in view of high frequency wave. This allows
an improvement of transmission characteristics of a signal
path from the light-receiving element 10 to the TIA chip 20-1.
Unnecessary inductance is restrained because the coupling is
established with the bonding wires 40 and 41 on the upper
face side that is a side where the signal conductor 20-11 of the
TIA chip 20-1 is provided.

With the structure, the high frequency characteristics of the
optical receiver device 100 are improved. In the embodiment,
a reverse bias is applied to the light-receiving element 10 by
coupling a positive power supply to the cathode terminal.
However, the structure is not limited to the embodiment. For
example, the reverse bias may be applied as well as the
light-receiving element 10 by applying a negative bias to the
anode terminal.

[Second Embodiment]

Next, a description will be given of a second embodiment.
The second embodiment adopts an optical receiver device
using a light-receiving element of balance type. FIG. 4 illus-
trates a circuit structure of an optical receiver device 101 in
accordance with the second embodiment.

As illustrated in FIG. 4, in the optical receiver device 101,
a light-receiving element 10a and a light-receiving element
105 are coupled to each other with a cascade coupling con-
figuration in a single direction. An output signal is extracted
from a common coupled point of the two light-receiving
elements 10a and 105. The other ends of the two light-receiv-
ing elements 10a and 105 are coupled to the power supply
applying a reverse bias thereto. In FIG. 4, the other end of the
light-receiving element 10a is coupled to the positive power
supply, and the other end of the light-receiving element 1056 is
coupled to the negative power supply.

The output signal extracted from the common coupled
point is fed into the TIA 20. The TIA 20 converts the output
signal into a voltage signal. Optical signals 1 and 2 having
reverse phase are optically coupled to the two light-receiving
elements 10a and 1056 respectively. Thus, signal amplitude
from the light-receiving elements 10a and 1056 can be
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6

enlarged. The embodiment is specifically preferable in a pho-
toelectric conversion of a digital optical signal that is phase-
modulated.

FIG. 5 illustrates a top view of the optical receiver device
101. The same components as those illustrated in FIG. 5 have
the same reference numerals as the first embodiment. The
light-receiving element 10 has light receiving element mesas
10-2 and 10-5 acting as the two light-receiving elements 10a
and 105 structuring a balance type light-receiving element on
the main face of the semiconductor substrate 10-1. The
dummy mesa 10-3 is arranged to be adjacent to the light-
receiving element mesa 10-2. The light-receiving element
mesa 10-2 and the light-receiving element mesa 10-5 are
coupled to each other with a cascade configuration. FIG. 5
illustrates a circuit diagram of the light-receiving element
mesas 10-2 and 10-5 and the dummy mesa 10-3.

The upper face of the light-receiving element mesa 10-2
acts as a common coupled point of two light-receiving por-
tions. The outputting electrode 10-21 acting as an output
terminal of a balance type light-receiving element is provided
on the upper face of the light-receiving element mesa 10-2. A
negative power supply electrode 10-51 coupled to the nega-
tive power supply for applying a reverse bias to the light-
receiving element mesa 10-5 is provided on the upper face of
the light-receiving element mesa 10-5. A positive power sup-
ply electrode 10-31 coupled to the positive power supply for
applying a reverse bias to the light-receiving element mesa
10-2 is provided on the upper face of the dummy mesa 10-3.
That is, the positive power supply electrode 10-31 and the
negative power supply electrode 10-51 act as an electrode for
applying electrical power (a second electrode). The positive
power supply electrode 10-31 and the negative power supply
electrode 10-51 have a reference potential with respect to the
signal electrode 10-21 in view of high frequency wave. The
lens 10-4 is provided on the reverse face of the semiconductor
substrate 10-1 according to the light-receiving element mesas
10-2 and 10-5.

The power supply patterns 30-2 and 30-3 are provided on
both sides of the signal pattern 30-1 on the light-receiving
element carrier 30. The power supply pattern 30-2 is electri-
cally isolated from the power supply pattern 30-3. The power
supply pattern 30-2 is coupled to the positive power supply
electrode 10-31 of the dummy mesa 10-3, and is coupled to
outer positive power supply. The power supply pattern 30-3 is
coupled to the negative power supply electrode 10-51 of the
light-receiving element mesa 10-5, and is coupled to outer
negative power supply.

The capacitor 31 is mounted on the power supply pattern
30-2. The capacitor 32 is mounted on the power supply pat-
tern 30-3. A lower face electrode of the capacitors 31 is
coupled to the power supply pattern 30-2. A lower face elec-
trode of the capacitors 32 is coupled to the power supply
pattern 30-3. The upper face electrodes 31-1 and 32-1 of the
capacitors 31 and 32 are respectively coupled to each ground
electrode 20-12 via a bonding wire.

Inthe embodiment, one of the two ground electrodes 20-12
of the TIA chip 20-1 is coupled to the power supply pattern
30-2 coupled to the positive power supply via the capacitor
31. The other is coupled to the power supply electrode 30-3
coupled to the negative power supply via the capacitor 32.

Inthe embodiment, transmission characteristics of a signal
path from the light-receiving element 10 to the TIA chip 20-1
is improved as well as the first embodiment. Although the
balance type light-receiving element is coupled between the
positive power supply and the negative power supply in the
embodiment, the light-receiving element may be coupled
between the positive power supply and the ground potential.
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In this case, the negative power supply electrode 10-51 of the
light-receiving element mesa 10-5 is coupled to the ground
potential via the power supply pattern 30-3. And, the capaci-
tor 32 may be removed, and the power supply pattern 30-3
may be directly coupled to the ground electrode 20-12 via the
bonding wire 41.

[Third Embodiment]

Next, a description will be given of a third embodiment. In
the third embodiment, a bonding wire 42 couples the upper
face electrodes 31-1 and 32-1 of the capacitors 31 and 32 in
common. The other structure is the same as the second
embodiment.

FIG. 6 illustrates an optical receiver device 102 in accor-
dance with the third embodiment. FIG. 6 illustrates a circuit
diagram of the light-receiving element mesas 10-2 and 10-5
and the dummy mesa 10-3. In the optical receiver device 102,
power supplies coupled to the balance type light-receiving
element 10 are coupled in common via a direct-current-
blocking portion. In the embodiment, the capacitors 31 and
32 are used as the direct-current-blocking portion. Another
capacitor may be provided, and the potentials of the capaci-
tors 31 and 32 may be coupled in common after blocking a
direct current.

In accordance with the embodiment, two power supplies
are coupled in common in the balance type light-receiving
element 10 in view of high frequency wave. The two power
supplies are coupled to the ground potential of the transmis-
sion path of the TIA chip 20-1 in common. With the structure,
high frequency characteristics are further improved.

FIG. 7 illustrates frequency characteristics of a normalized
optical to electrical conversion gain of the optical receiver
device 102 in accordance with the third embodiment. In addi-
tion, FIG. 7 illustrates frequency characteristics of a second
comparative embodiment. The second comparative embodi-
ment has a structure in which the capacitors 31 and 32 and the
bonding wires 41 and 42 are removed in FIG. 6. As illustrated
in FIG. 7, 3 dB band width is approximately 16 GHz with
respect to the second comparative embodiment. In contrast, 3
dB band width is near 20 GHz in the third embodiment.
Therefore, FIG. 7 means that the high frequency characteris-
tics are improved in the third embodiment.

[Fourth Embodiment]

Next, a description will be given of a fourth embodiment.
FIG. 8 illustrates a top view of an optical receiver device 103
in accordance with the fourth embodiment. In the embodi-
ment, capacitors 33 and 34 acting as a second capacitor are
further provided on the light-receiving element carrier 30 in
the structure of the third embodiment. FIG. 8 illustrates a
circuit diagram of the light-receiving element mesas 10-2 and
10-5 and the dummy mesa 10-3.

The capacitors 33 and 34 have an upper face electrode and
a lower face electrode as well as the capacitors 31 and 32
acting as a first capacitor. The lower face electrode of the
capacitor 33 is coupled to the power supply electrode 30-2 on
the light-receiving element carrier 30. The lower face elec-
trode of the capacitor 34 is coupled to the power supply
electrode 30-3 on the light-receiving element carrier 30. The
upper face electrode 33-1 of the capacitor 33 is coupled to the
upper face electrode 31-1 of the capacitor 31 via the bonding
wire 43. The upper face electrode 34-1 of the capacitor 34 is
coupled to the upper face electrode 32-1 of the capacitor 32
via the bonding wire 44. The capacitors 33 and 34 have a
capacity larger than those of the capacitors 31 and 32, and
have a pass frequency band lower than those of the capacitors
31 and 32. When the capacitors 33 and 34 are provided, the
reference potential is commonalized with the ground elec-
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trode 20-12 in a wide frequency band. Therefore, the high
frequency characteristics are further improved.
[Fifth Embodiment]

A description will be given of a fifth embodiment. FIG. 9
illustrates a top view of an optical receiver device 104 in
accordance with a fifth embodiment. In the optical receiver
device 104, the capacitors 33 and 34 of the fourth embodi-
ment are provided on the base carrier 50. FIG. 9 illustrates a
circuit diagram of'the light-receiving element mesas 10-2 and
10-5 and the dummy mesa 10-3.

The lower face electrodes of the capacitors 33 and 34 are
coupled to the base carrier 50, and are thereby grounded. The
upper face electrode 33-1 of the capacitor 33 is coupled to the
upper face electrode of the capacitor 31, and the upper face
electrode 34-1 of the capacitor 34 is coupled to the upper face
electrode of the capacitor 32, as well as the fourth embodi-
ment. In the embodiment, the potentials of the upper faces of
the capacitors 31 and 32 are blocked by the capacitors 33 and
34 with respect to a direct current, and are coupled to the
ground potential of the base carrier 50 in view of high fre-
quency wave. The ground potential of the base carrier 50 is
coupled to the ground potential of the ground electrode 20-12
of the TIA chip 20-1 via the via hole electrode 20-13. Thus,
the upper face electrodes 31 and 32 are coupled to the ground
electrode 20-12 via the base carrier 50 in common.

In the embodiment, the capacitors 33 and 34 are provided
on the base carrier 50. Therefore, the mounting of the optical
receiver device 104 is easier than that of the optical receiver
device 103.

In the embodiment, the capacitors 33 and 34 are mounted
on the base carrier 50. Therefore, the bonding wires 43 and 44
are longer than the case of the fourth embodiment. However,
the capacitors 33 and 34 pass a frequency band lower than that
of the capacitors 31 and 32. Therefore, the inductance of the
longer bonding wires 43 and 44 does not have a large influ-
ence on the lower frequency band.

In accordance with the above-mentioned embodiments, an
optical receiver device having improved high frequency char-
acteristics is provided. The present invention is not limited to
the embodiments. The light-receiving element 10 may be an
APD (Avalanche Photodiode) using avalanche multiplica-
tion. The light-receiving element 10 may be mounted on the
base carrier 50 although the light-receiving element 10 is
mounted on the light-receiving element carrier 30 in the
embodiments. In this case, the base carrier 50 may be made of
dielectric body, and the signal pattern 30-1 and the power
supply patterns 30-2 and 30-3 may be provided on the base
carrier 50 as a pattern. The capacitors 31 and 32 may be
mounted on the power supply patterns 30-2 and 30-3 pro-
vided on the base carrier 50.

The light-receiving element 10 may be mounted on the TIA
chip 20-1. In this case, the signal pattern 30-1 and the power
supply patterns 30-2 and 30-3 may be mounted on the TIA
chip 20-1 as a pattern. The capacitors 31 and 32 may be
provided on the TIA chip 20-1. Alternatively, the capacitors
31 and 32 may be made of MIM (Metal-Insulator-Metal)
capacitor on the TIA chip 20-1.

In the first through third embodiments, a via hole electrode
is provided in the ground electrode 20-12 of the TIA chip
20-1. However, the structure is not always necessary. In the
embodiments, the reference potential for a signal transmis-
sion is coupled to the ground electrode 20-12 via the capaci-
tors 31 and 32 from the light-receiving element 10. Therefore,
the ground electrode 20-12 is grounded in view of high fre-
quency wave even if the ground electrode 20-12 of the TIA
chip 20-1 is not coupled to the ground potential of the TIA
chip 20-1.
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A balance type light-receiving element may be used, and
an optical signal that is phase-modulated may be converted
into an electrical signal. A plurality of the optical receiver
devices may be used as a light-receiving unit for DP-QPSK
(Dual Polarization-Quadrature Phase Shift Keying) optical
communication.

In the second through fifth embodiments, two light-receiv-
ing portions (the light-receiving element mesas 10-2 and
10-5) are integrated on a common semiconductor substrate as
the balance type light-receiving element 10. However, the
structure is not limited to the embodiments. For example, the
balance type light receiving element may have a structure in
which separated light receiving elements chips may be
coupled in a cascade coupling configuration.

The present invention is not limited to the specifically
disclosed embodiments and variations but may include other
embodiments and variations without departing from the
scope of the present invention.

What is claimed is:

1. An optical receiver device comprising:

a light-receiving element having a first electrode acting as
an outputting electrode and a second electrode coupled
to a potential that is different from a ground potential;

an amplifier device having an amplifier element, a connec-
tion terminal including a signal electrode and a ground
electrode on an upper face thereof;

a first conductor coupling a potential of the first electrode
of'the light-receiving element to the signal electrode, the
first conductor being introduced from the upper face side
of the amplifier device; and

a second conductor coupling a potential of the second
electrode of the light-receiving element to the ground
electrode via a first capacitor, the second conductor
introduced from the upper face side of the amplifier
device, wherein

the light-receiving element is mounted on a light-receiving
element carrier, the first capacitor is mounted on a face
of the light-receiving element carrier that is different
from a face of the light-receiving element carrier on
which the light-receiving element is mounted, and the
light-receiving element carrier and the amplifier device
are mounted on a base carrier.

2. The optical receiver device as claimed in claim 1,
wherein the ground electrode is provided on both sides of the
signal electrode.

3. The optical receiver device as claimed in claim 1,
wherein:
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the light-receiving element has a structure in which two
light-receiving portions are coupled in a cascade cou-
pling configuration;

the first electrode is a common coupled point of the two

light-receiving portions; and

the second electrode is at least one of electrodes of the two

light-receiving portions in an opposite side of the com-
mon coupled point.

4. The optical receiver device as claimed in claim 1,
wherein the light-receiving element is mounted on the light-
receiving element carrier having a first pattern extracting a
potential of the first electrode and a second pattern extracting
a potential of the second electrode.

5. The optical receiver device as claimed in claim 4,
wherein:

the second pattern is provided on both sides of the first

pattern; and

the first capacitor is provided on both sides of the second

pattern.

6. The optical receiver device as claimed in claim 4,
wherein:

the first conductor is a bonding wire coupling the first

pattern and the signal electrode; and

the second conductor is a bonding wire coupling the first

capacitor on the second pattern and the ground elec-
trode.

7. The optical receiver device as claimed in claim 3,
wherein the electrodes in the opposite side of the common
coupled point are coupled to a potential that is different from
the ground potential.

8. The optical receiver device as claimed in claim 3,
wherein the electrodes in the opposite side of the common
coupled point are coupled in common via a direct-current-
blocking portion.

9. The optical receiver device as claimed in claim 8,
wherein the direct-current-blocking portion is the first capaci-
tor.

10. The optical receiver device as claimed in claim 1,
wherein a second capacitor having a capacity larger than that
of the first capacitor is coupled to a potential of the second
electrode in parallel with the first capacitor.

11. The optical receiver device as claimed in claim 1,
wherein the face of the light-receiving element carrier on
which the first capacitor is mounted faces a same direction as
the face of the base carrier on which the amplifier device is
mounted.



